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We construct a weighted network of scientific collaboration in computational geometry and study the statistical properties of the 
network. In addition, we introduce a parameter called the collaboration relationship parameter to measure the collaboration be-
tween scientists. The collaboration relationship parameter of two scientists depends not only on the connection weights between 
the nodes, but also on the network’s structure. The stability of the network’s structure in terms of different edge removal strategies 
is also studied. According to the parameter, we find that a community structure exists in this type of network. 
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Many real systems can be mapped onto complex networks, 
consisting of a set of distinguishable nodes i = 1, 2…N, and 
connected by a fixed number of distinguishable edges l = 1, 
2…N. These edges represent different relationships between 
agents, such as friendship, collaboration, business, sexual 
and other interactions [1–11]. Scientific collaboration is an 
interesting subject for network research [12–15]. Previous 
research has uncovered some important results. On one 
hand, most networks exhibit the small-world property, 
which means that the network has, at the same time, greater 
clustering and shorter average shortest path [1,2,8]. On the 
other hand, the degree distribution of a large network fol-
lows the power-law distribution [3–8,10]. Recently, New-
man [12,13] studied several large databases of papers and 
established some unweighted and undirected collaboration 
networks, with all the general parts of small-world networks. 
Li et al. [14,15] constructed a weighted directed network of 
scientific communication, including collaboration, citation, 
and personal discussion. A weighted network carries more 
properties than an unweighted one. The way to measure the 
weight of a link has been introduced differently in various 
papers [12,13,16–19].  
In this paper, we study a scientific collaboration network 
in computational geometry (the geom network). The static 
properties of the network, including degree distribution, 
average clustering coefficient, and average shortest path, are 
investigated. Furthermore, we are interested in the collabo-
ration relationship between two scientists. To work on the 
problem, we define the collaboration relationship parameter 
(CRP) to measure the partnership between two scientists. 
We observe that the relations with different CRP values 
have different roles in the network, and that a community 
structure exists in this network. 
1  Basic statistical result 
The study in this paper is based on the network of Compu-
tational Geometry Database from http://vlado.fmf.uni-lj.si/ 
pub/networks/data/collab/geom.htm. The scientific collabo-
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ration network in computational geometry was produced 
from a BibTeX bibliography (Beebe, 2002) and obtained 
from the Computational Geometry Database geombib, ver-
sion February 2002 (Jones, 2002). In the network, a node 
represents an author. Two authors are linked by an edge, if 
they collaborate on a common work (paper, book, etc.). The 
value of an edge is the number of common works. From the 
database, we obtained 13919 papers and 7343 authors. The 
network is described by an adjacency matrix. In this matrix, 
aij = 1 if nodes i and j are linked, and 0 otherwise. 
Basic parameters of the network are listed in Table 1. 
Like other social networks, the clustering coefficient of the 
network is larger, <c>=0.41, which means one scientist’s 
coauthors have a higher probability of collaborating with 
each other. The average shortest path of the network is 
<l>=5.31. The degree distribution [3] of the network fol-
lows the power law with an exponent of 2.2 (Figure 1). 
This scientific collaboration network has the small-world 
property and a scale-free degree distribution. 
As is known, a hierarchical organization is present in 
some real networks [20]. The clustering coefficient of a 
node with k edges follows the scaling law in a hierarchical 
network as given in  
 1( ) ~ .c k k   (1) 
From Figure 2, we can see that c(k) scales as k1, indicat-
ing that the geom network has a hierarchical organization.  
2  Measure of weight 
In an unweighted network, some important properties are  
Table 1  Basic parameters of the scientific collaboration networka) 
N L <k> <c> <l> 
7343 11898 3.24 0.41 5.313 
a) N is the number of scientists, L is the number of collaboration rela-
tionships, <k> is the average degree [3], <c> is the mean clustering coef-
ficient [2], and <l> is the average shortest path. 
 
Figure 1  Degree distribution of the network. The solid line has slope = 2.2. 
 
Figure 2  Correlation between the local clustering c(k) and the node’s 
degree k. The solid line has slope = 1. 
ignored. Based on the database, we define two kinds of 
weights on links and one kind of weight on nodes. One of 
the link weights is the number of collaborations, which is 
represented by w. wij is the number of collaborate works 
between nodes i and j, with wij = wji. The weight distribution 
of the network is shown in Figure 3. The distribution of w 
also follows the power law function with an exponent of 
2.4. The other weight represents the CRP, and is denoted 
by o. oij denotes the CRP between nodes i and j. The defini-
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where G is the set of nodes that are neighbors of either i or j 
and m is the weight of a node. mi represents the weight of 




  , where i′ denotes all the 
nodes in the network.  min ,ijk ik jk ijw w w a  . CRP is 
defined as the ratio between the collaborative works of i and  
 
Figure 3  Distribution of the collaboration frequency between two scien-
tists. The solid line has slope = 2.4. 
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j and the collaborative works of i or j. The collaborative 
works of i and j consist of two components. One is wij, the 
number of collaborative works between them. The other is 
wijk, the number of collaborative works on which i and j 
collaborate with their common neighbors. CRP changes 
from 0 to 1. oij = 0, while nodes i and j are disconnected. 
The larger oij is, the closer is the relationship between i and j. 
From the definition, we have oij = oji. Besides a scientific 
collaboration network, CRP can be used in other kinds of 
weighted networks that represent the relationships between 
nodes, such as an airline network, Facebook network, and 
so on. 
From eq. (2), the CRP of two scientists is concerned not 
only with the collaborate frequency between them, but also 
with their neighbors. Two links that have the same w in dif-
ferent network structures, may have different CRP values. 
In one case, if i and j are only coauthors for each other, the 
collaboration relationship between them is close, as shown 
by oij = 1 in Figure 4(a). In another case, if i has another 
coauthor besides j, the collaboration relationship between i 
and j is affected by the cooperation around them, which is 
shown in Figure 4(b) and (c). In Figure 4, i and j have the 
same w weight, but different o weights, for the different 
network structures. 
3  Structure of the network 
To reveal the relationship between CRP and the network 
structure, we researched the network’s ability to withstand 
the removal of links. To investigate the influence of remov-










 , where f is the parameter for removing 
a link. If we remove the weakest links first, links that satisfy 
oij < f are removed. In contrast, we could begin from the 
strong links, where those with weight oij > f are removed. 
When links are removed, the network breaks into a number 
of components. Ngc(f) is the number of nodes in the giant 
component, when we remove the links that are greater or 
smaller than f. Ngc(0) is the number of nodes of the giant 
component in the original network. In Figure 5(a), we find 
that removing the smaller edges first leads to the network’s 
sudden disintegration at fc≈0.17. Conversely, removing the 
stronger edges first decreases the network, but does not un-
expectedly break it apart (see Figure 5(c)). 
Next, we introduce the average cluster size ( )s f   
2
sn s N to discuss the changes in Rgc [21,22], where ns is 
the number of components of size s and the sum takes over  
 
Figure 4  Illustration of the CRP between scientists i and j, with values 
shown for three local network configurations. 
 
Figure 5  Stability of the scientific collaboration network. The control parameter f denotes the fraction of removed links. (a) and (c) Changes in Rgc when 
we remove the links, from the weakest or strongest, respectively. (b) and (d) Changes in s  when we remove the links, from the weakest or strongest, re-
spectively.  
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all but the largest component. N is the number of nodes in 
the network. According to percolation theory, if the network 
breaks up because of a phase transition, for f approaching fc, 
( )s f diverges, but in a finite system, the divergence is 
capped [21,22]. In Figure 5(b), ( )s f develops a peak if we 
remove the smallest links first. In Figure 5(d), when the 
strongest links are removed first, the peak in ( )s f  does 
not occur. 
To determine whether the peak in ( )s f is a phase transi-
tion, we work on the transition f→fc. If the network is infi-
nite, ( )s f diverges for f→fc as a power law with critical 
exponent  in terms of the distance of f from fc [22], that is, 
( ) | | ,cs f f f
   for f→fc. In Figure 6, we plot the trans-







  against log|ffc| for  








  , for f < fc and f > fc. Therefore the 
network has a phase transition at fc≈0.17, if we remove the 
smaller links first.  
After removing the links from the network, the network 
is divided into several parts. To measure the structure of the 
parts, we use the modularity, Q [23], given by  
2( ),ii i
i
Q e a   
where eij is the fraction of all edges in the network which 
link vertices in community i to vertices in community j, and 
i ij
j
a e   represents the fraction of edges that connect 
with vertices in community i. Q varies between 0 and 1.   
A greater Q indicates that the network has a stronger com-     
 






, versus |ffc|, the dis-
tance of f from fc. 
munity structure.  
In Figure 7(a), when f≈fc, Q reaches its maximum, 
which indicates that the network has a strong community 
structure. If we remove the strongest links first, the peak in 
Q does not occur, as shown in Figure 7(b). Above all, we 
find that removing the weakest links first leads the network 
to break into some small close clusters, but without the 
strong community structure that exists when the stronger 
links are removed first. 
We can easily conclude from the above discussion that a 
community structure exists in the geom network. Links with 
small CRP are used to link dense communities, while those 
with large CRP exist in the community.  
4  Conclusion 
In this paper, we discussed the topology of a network with 
the small-world property and power-law degree distribution, 
similar to some other networks. In addition, we introduced 
CRP to measure the collaboration relationship between two 
scientists. The larger the CRP is, the closer is the relation-
ship between two scientists. We found that the removal of 
links with weak CRP brings about a phase transition similar 
to the network breaking up, although the removal of strong 
links has little impact on the network’s overall integrity. 
Next, we revealed that a cluster structure exists in our net-
work. Removing links from the weakest first, when f≈fc,  
 
Figure 7  Changes in modularity Q by removing links. (a) If we remove 
the links from the weakest, Q reaches its maximum at f≈fc. (b) If the 
strongest links are removed first, the peak in Q does not occur. 
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causes the modularity Q to reach its maximum, which indi-
cates that the geom network has a strong community struc-
ture. Links with a weak collaboration relationship connect 
the small clusters to the large component, while links with a 
strong collaboration relationship perform the task of rein-
forcing the clusters. 
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